Abstract: Bulk sampling of phosphate-rich horizons within the British Coniacian to Campanian (Upper Cretaceous) yielded very large samples of shark and ray teeth. All of these samples yielded teeth of diverse members of the Carcharhiniformes, which commonly dominate the fauna. The following species are recorded and described: Pseudoscyliorhinus reussi (Herman, 1977) comb. nov., Crassescyliorhinus germanicus (Herman, 1982) gen. nov., Scyliorhinus elongatus (Davis, 1887), Scyliorhinus brumarivulensis sp. nov., ?Palaeoscyllium sp., Prohaploblepharus riegrafi (Müller, 1989) gen. nov., ?Cretascyliorhinus sp., Scyliorhinidae incertae sedis 1, Scyliorhinidae incertae sedis 2, Pteroscyllium hermani sp. nov., Protoscyliorhinus sp., Leptocharias cretaceus sp. nov., Palaeogaleus havreensis Herman, 1977, Paratriakis subserratus sp. nov., Paratriakis tenuis sp. nov., Paratriakis sp. indet. and ?Loxodon sp. Taxa belonging to the families ?Proscylliidae, Leptochariidae and Carcharhinidae are described from the Cretaceous for the first time. The evolutionary and palaeoecological implications of these newly recognised faunas are discussed.
The Late Cretaceous represented a time of high shark and ray diversity, with many extant orders and families being present (e.g. Cappetta 1987; Underwood 2006) . Although some localities have yielded well-preserved shark and ray skeletons (e.g. Cappetta 1980a, b) , the majority of the Cretaceous selachian fossil record is restricted to isolated teeth. Whilst the teeth of some Cretaceous taxa, such as many lamniforms and Ptychodus, are large and conspicuous enough to be collected individually, a large proportion of teeth are of a size that necessitates bulk sampling. Despite this, relatively few studies of Cretaceous shark and ray faunas have involved extensive bulk sampling, and when this has been carried out, sieve mesh sizes are often too large to retain the smaller teeth (DJW, pers. obs.) . Where studies of Cretaceous selachian faunas appear to have been carried out using bulk sampling, only a small proportion have included a description of the methods used. The lack of work on assemblages of sharks and rays with very small teeth has resulted in many of these smaller-toothed taxa, especially of the order Carcharhiniformes, being very poorly studied.
The Carcharhiniformes are one of the most diverse groups of sharks alive today, with species ranging in size from under 0.3 to over 6 m in length, and inhabiting virtually all marine habitats, with some taxa entering fresh water. The earliest known Carcharhiniformes are from the Middle Jurassic (e.g. Cappetta 1987; Underwood and Ward 2004), with teeth commonly being present in shark assemblages from the Late Jurassic and Early Cretaceous. Within many Late Cretaceous assemblages, teeth of Carcharhiniformes of the families Scyliorhinidae and Triakidae are abundant and diverse (e.g. Herman 1977; Underwood and Ward in press). Although cladistic studies have suggested that other families of Carcharhiniformes should have been present in the Cretaceous (e.g. Underwood 2006), their remains have not been described.
GEOLOGICAL SETTING
The Late Cretaceous was a period of globally high sea levels, and transgressive and highstand sedimentary successions are typical. Within northern Europe, much of the Upper Cretaceous succession is represented by coccolith chalk facies, with other facies being largely restricted to quartz and glauconite sands associated with structural highs. Macroscopic vertebrate remains are generally uncommon within chalk facies, with extensive museum collections largely being the result of intensive collecting during former periods of active manual quarrying. The English Chalk is also a particularly poor candidate for systematic bulk sampling because of the extreme rarity of shark and ray teeth and the degree of bioerosion encountered. This is in contrast to southern Swedish chalks that can yield up to 10 tooth fragments per kg (Mikael Siverson, pers. comm. 2000) . Unlike most of the English Chalk, phosphatic chalks, often immediately overlying hardgrounds, commonly contain abundant shark and ray remains. This is presumably due to a combination of current winnowing and low rate of sediment deposition and high overall levels of pore water phosphate. Many of the teeth are well mineralised and rates of bioerosion are lower than in non-phosphatic chalks. Localized areas of these phosphatic chalks are common in the Santonian and Campanian of northwest Europe and fill lenticular erosional troughs or 'cuvettes' with hardground complexes at their base (Jarvis 1980 (Jarvis , 2006 .
The majority of the English material described below was collected from chalks with a high content of phosphatic material (Text- fig. 1 ) during a period of fieldwork carried out by DJW in the late 1970s, which was inspired by the work of Ian Jarvis, Peter Woodruff, and Andy Gale. A Coniacian glauconitic sandstone from Northern Ireland was sampled more recently by CJU. All of these phosphatic horizons sampled yielded large numbers of shark and ray teeth of many species. The vast majority of these teeth are extremely small, and belong to small nectobenthic taxa. For details of the localities sampled and associated faunas, see the Appendix.
MATERIAL AND METHODS
All of the rock samples studied were moderately to strongly lithified, and could only be broken down by use of acids. Samples of the phosphatic chalks from southern England were crushed into 2-5-cm fragments and dissolved in buffered dilute acetic or formic acid. The residue from the 355 lm sieve fraction and above was picked for vertebrate remains. The phosphate-rich greensands from Minnis North were broken down in buffered formic acid. The residue from the 500 lm sieve fraction and above was picked for vertebrate remains, along with much of the 355 lm fraction; this fine fraction yielded very few teeth and these were highly diluted by grains of phosphate, quartz and glauconite.
A large proportion of teeth collected during this study are imperfect, with roots of the majority showing some degree of damage owing to microbial bioerosion (see Underwood et al. 1999) . There is no sign of physical biostratinomic damage of teeth from any of the sites other than Minnis North. Where teeth of a taxon are distinctive enough to be recognisable from incomplete specimens, counts of numbers of specimens can be obtained, but where there are several taxa with similar teeth within the same sample (as with some scyliorhi-nids) it is not possible to obtain an accurate count for the number of imperfect specimens. Counts otherwise include all teeth and partial teeth well preserved enough to be identifiable. All figured specimens from England are housed in the Natural History Museum, London (BMNH P., shortened here to 'P.'). The figured specimens from Minnis North are in Ulster Museum (BELUM K). All figured specimens were imaged by SEM. The terminology used here for parts of the selachian teeth largely follows that of Cappetta (1987) .
SYSTEMATIC PALAEONTOLOGY
Cohort EUSELACHII Hay, 1902 Subcohort NEOSELACHII Compagno, 1977 Superorder GALEA Shirai, 1996 Order CARCHARHINIFORMES Compagno, 1977 Family SCYLIORHINIDAE Gill, 1862 Remarks. Sharks of the family Scyliorhinidae are abundant and diverse in the fossil record, but have received very little attention and remain poorly known. Although some Cretaceous scyliorhinids are known from articulated skeletons (e.g. Cappetta 1980a) the majority are known from isolated teeth. Although the teeth of many extant scyliorhinid genera are very characteristic (Herman et al. 1990) , there have been relatively few attempts (e.g. Noubhani and Cappetta 1997) to refer fossil scyliorhinid taxa to extant or extinct genera; the majority have been referred to the genus Scyliorhinus Blainville, 1816. Although the type species of Scyliorhinus, S. canicula Linnaeus, 1758, has a far more diverse range of dental morphologies than recognised in the literature (Ellis and Shackley 1995; CJU, pers. obs.) , a large proportion of fossil scyliorhinid dentitions cannot be accommodated within this genus. This failure to refer fossil scyliorhinid teeth to extant genera other than Scyliorhinus or erect new genera for species than cannot be accommodated within extant genera, has resulted in a lack of knowledge of the geological ranges of living genera and of the true diversity of the Scyliorhinidae in the past. Genus PSEUDOSCYLIORHINUS Mü ller and Diedrich, 1991 Type species. Pseudoscyliorhinus schwarzhansi Müller and Diedrich, 1991, from the Cenomanian of Germany.
Pseudoscyliorhinus reussi (Herman, 1977) Description. Teeth of this species are under 3 mm wide and, when well preserved, very distinctive. The crown is relatively symmetrical and high, with erect cusps that make an angle of between 60 and 80 degrees with the basal face of the root. The main cusp is slender and nearly round in cross section, and is flanked by one, or more commonly two, pairs of much shorter lateral cusplets that are often very slightly divergent. The cusps are all straight and are either symmetrical or slightly inclined to the posterior. The cusps merge basally into a well-developed labial face of the crown, which is somewhat flared along its straight to slightly concave basal edge. The labial face of the crown is ornamented by a small number of rather irregular longitudinal ridges that reach less than half-way up the main cusp, but may reach the apex of the lateral cusplets. Where the labial base of the crown is flared, a longitudinal ridge may be present at the anterior and posterior ends of the tooth, this ridge interacting with the longitudinal ornament to form a narrow band of reticulate ornament. The lingual face of the crown is ornamented with fine longitudinal ridges that extend from the somewhat excavated crown-root junction to half-way up the main cusp. The crown slightly overhangs the root labially. The root is relatively low, but very strongly flared on all sides, projecting beyond the edge of the crown in all directions. The basal face of the root is very flat, and there is a sharp angle between this and the labial and lingual root faces. In basal view, the root is convex lingually and straight labially, with rounded lateral ends. There is no nutritive groove, but there is a distinct notch at the point where the main labial and lingual foramina enter the root close to the edge of the basal surface. A line of small, evenly spaced foramina is present just below the crown-root junction on both labial and lingual sides of the root. The basal face of the root has many small, irregular foramina.
Remarks. This genus is readily recognised by the presence of a flared and flat-based root differing from that of any other scyliorhinids. The genus was diagnosed on the Cenomanian species P. schwarzhansi Müller and Diedrich, 1991, with the very close similarities between this species and the previously described Scyliorhinus reussi Herman, 1977 evidently not having been recognised at the time. Although no photographs of the type material of P. schwarzhansi were published, the diagnosis of Pseudoscyliorhinus equally well covers S. reussi. It is therefore considered here that S. reussi should be included into Pseudoscyliorhinus.
Although generally very similar, P. reussi differs from P. schwarzhansi in having a more flattened root with less evident nutritive groove and reticulate ornament near base of labial face of anterior teeth. The genus therefore has a recorded range of Cenomanian to Campanian. No extant scyliorhinids have been recorded as having teeth similar to Pseudoscyliorhinus; it is, therefore, not possible to assess the affinities of this genus. It has, however, been recorded that teeth of juvenile scyliorhinids have roots that are larger and more flared than in the adults (Herman et al. 1990, p. 230) , so it is possible that the tooth morphology of Pseudoscyliorhinus was paedomorphic.
Genus CRASSESCYLIORHINUS gen. nov.
Derivation of name. From the thick and heavy form of the teeth compared to all other scyliorhinids.
Type species. Scyliorhinus germanicus Herman, 1982.
Diagnosis. Teeth very robust and symmetrical with moderate heterodonty. Erect central cusp conical and takes up much of crown; lateral cusplets small. Ornament of strong ridges in unworn teeth, often reticulate near base of labial crown. Labial margin of crown indented in centre. Root bulky and strongly V-shaped in basal view with somewhat flared distal lobes. Nutritive groove absent in almost all teeth.
Remarks. The only described species of scyliorhinid with a dentition similar to Crassescyliorhinus germanicus is Scyliorhinus musteliformis Herman, 1977, which differs in having teeth with lower crowns. The close similarity between these species suggests that S. musteliformis should also be included in Crassescyliorhinus. The genus has a recorded range of Santonian-Maastrichtian. The teeth of Crassescyliorhinus are clearly distinct from those of all other recorded post-Cretaceous scyliorhinid genera, being most similar to those of the Cretaceous genus Cretoscyliorhinus Underwood and Mitchell, 1999, from which they differ in being far more robust and in having less clearly separated lateral cusplets, a greater degree of heterodonty and a less 'trilobed' root basal face.
Crassescyliorhinus germanicus (Herman, 1982) Description. Teeth of this species are very robust and show a moderate degree of monognathic heterodonty. Some presumed anterior teeth are higher than wide, but the majority of teeth are wider than high, reaching a width of 3 mm. Teeth from most positions are symmetrical, with a low degree of asymmetry being present in posterior teeth. Over half of the width of the crown is taken up with a robust main cusp. This is conical and only slightly flattened on the labial face, and is of similar width to height on all except extreme anterior and posterior teeth. This is flanked by one or two pairs of short but robust lateral cusplets that are typically wider than high; a third cusplet may be present on the anterior side of large, presumed anterolateral teeth. The ends of the crown are rounded, with the basal edge of the crown on the labial side having a strong and smoothly curved indentation on all except posterior teeth. The labial face of the crown is typically highly ornamented with strong and sharp-edged ridges, although these may be less well developed on some of the largest and most robust lateral teeth. The labial ornament comprises widely spaced longitudinal ridges, with up to six on the main cusp, that bifurcate towards the crown base to form a polygonal pattern, and reach the apex of the cusps where not removed by wear. Ornament on the lingual face of the crown is similar if not so strongly developed and rather more irregular. The crown is a similar width or slightly narrower than the root, and strongly overhangs it labially. The root is low, and distinctly Vshaped when viewed basally. The basal face of the root is flat, and is flared at its lateral ends. There is a bulbous lingual apex of the root with a large, central foramen. Opposite this on the
Figs 1-9. Pseudoscyliorhinus reussi (Herman, 1977) Remarks. Both anterior and lateral teeth are almost identical to those figured by Cappetta (1980a) and Herman (1977) . This species thus appears to be relatively widespread, being present in the Santonian of Lebanon (Cappetta 1980a) Diagnosis. Teeth show moderate degree of gradient monognathic heterodonty, with more compressed, smoother anterior teeth and more ornamented laterals. All teeth under 1.5 mm wide, with teeth from most jaw positions at least as wide as high. Main cusp straight and flanked by two pairs of short, pointed lateral cusplets, the outer pair poorly developed or absent in anterior teeth. Ornament varies with jaw position; labial face of anterior teeth flat and smooth, that of all cusps of lateral teeth with small numbers of very strong longitudinal ridges that bifurcate strongly towards the base and reach most of the way to the apex of the cusps; similar but weaker ornament on teeth from transitional positions. Crown of teeth from most positions inclined towards commissure. Labial basal edge of crown straight to weakly concave and strongly overhangs root. Root low and hemiaulacorhize. Basal face of root flat and flared, especially on lingual edges of root lobes.
Description. The teeth of this species are uniformly small, being less than 1.5 mm wide, and show distinctive monognathic heterodonty and probable dignathic heterodonty. The width of the majority of teeth is similar to their height, although some extreme anterior teeth are rather higher than wide. The crown is erect and comprises a main cusp, which is somewhat longer than wide, flanked by two pairs of small, sharply pointed lateral cusplets, except in some anterior teeth where the outer pair of cusplets may be very reduced and incipient. The base of the main cusp occupies about half of the width of the crown. All cusps are somewhat flattened labially, with some of the largest and least well ornamented teeth having a labial face that is almost flat. By analogy with extant scyliorhinid dentitions, these are assumed to be from lower anterior positions. All teeth have a continuous and well-developed cutting edge. The labial face of the crown of lateral teeth is ornamented with 10-15, somewhat discontinuous, longitudinal ridges. These ridges are sharply edged and reach at least three-quarters of the way to the apices of all cusps. Towards the base of the crown, the labial ridges bifurcate, and commonly join to form a narrow strip with a reticulate pattern. In presumed upper anterior teeth a similar but weaker and more irregular ornament is present. Presumed lower anterior teeth have a labial ornament of short longitudinal ridges on the basal and lateral parts of the crown, or may have no labial ornament. The basal edge of the labial face of the crown is faintly concave to almost straight, and strongly overhangs the root. The lingual face of the crown is ornamented by several weak, and rather irregular, longitudinal ridges in most teeth, but is smooth in presumed lower anterior teeth. This lingual ornamentation reaches neither the apex of the cusps nor base of the crown. The root is low and lacks a nutritive groove. The root is V-shaped in basal view, with concave outer lingual faces of the root lobes in lateral teeth making them appear rather recurved. The basal part of the root is flared along the labial edge and at the lateral extremities. The basal face of the root is flat, and the edge between the basal and lingual or labial faces is sharply angled.
There are well-developed foramina at the lingual apex of the root and at the junction of the root lobes. Well-developed foramina are present on the lingual faces of the root, and on the basal face of the root lobes, with smaller and more irregular foramina also being present across much of the root.
Remarks. The teeth of this species are very similar in overall morphology and the general form of ornament to those of Scyliorhinus arambourgi Cappetta, 1980a (see Cappetta 1980a ) from the Cenomanian of Lebanon. Teeth of S. brumarivulensis sp. nov. differ principally in the greater amalgamation of ribs near the basal edge of the labial crown face, forming a reticulate pattern in most teeth. There are also strong similarities between teeth of S. brumarivulensis sp. nov. and those of S. sulcidens Noubhani and Cappetta, 1997 from the Palaeocene of Morocco, which differs in having more elongate lateral cusplets and a sparser ornamentation. The teeth of this species show a very similar overall morphology and heterodonty to that of female Scyliorhinus canicula. It is unknown whether S. brumarivulensis sp. nov. shows sexual heterodonty, but the presence of uncommon large anterior teeth suggests that it is possible that enlarged teeth were only present in a proportion of individuals, possibly mature males. The presence of a dentition very similar to that of female S. canicula suggests that this species should be included in Scyliorhinus despite not conforming to the tooth morphology of the genus as defined by Herman et al. (1990) and Halter (1994) . Despite being very common within the samples studied here, teeth of this taxon appear not to have been recognised in earlier studies, presumably because of their small size. Material. BELUM K29670, a single tooth from Minnis North.
Description. This single tooth is 1 mm high and generally well preserved. The crown is slightly asymmetrical, with the cusps inclined to the posterior. The main cusp is triangular in profile, and basally comprises more than half of the crown width. This is flanked by a pair of short but robust lateral cusplets, about as wide as high, with a minute additional cusplet on the posterior side. A continuous but weak cutting edge is present across the entire width of the crown. The labial face of all cusps is slightly convex, the lingual face is strongly convex. The labial crown face is ornamented by a series of short, irregular longitudinal ridges, reaching less than half of the way up the main cusp and not reaching the apex of the undamaged cusplet. These labial ridges reach the crown-root contact, and some bifurcate. The lingual face of the crown is ornamented with weak longitudinal ridges reaching close to the apex of the main cusp. The crown overhangs the root on all sides. The root is wider than the crown, and relatively low. It is flared basally towards the lateral ends, and has a flat basal face. A series of well-developed foramina is present near the centre of the labial root face, and a large foramen at the lingual root apex. A row of foramina is present along the root lingual face.
Remarks. This tooth is very similar to those assigned to Scyliorhinus brumarivulensis sp. nov., but differs in having the combination of a weak and irregular ornament and poorly developed lateral cusplets; teeth of this morphology were not recognised within the large sample sizes of S. brumarivulensis teeth seen at other sites, whereas 'typical' S. brumarivulensis teeth were not found in association with this tooth. It is, therefore, possible that this tooth may either represent an extreme morphology of S. brumarivulensis or another, related species. The latter would not be unreasonable considering the very different facies and age of the Minnis North site compared to the other sites studied.
Genus PALAEOSCYLLIUM Wagner, 1857
Type species. Palaeoscyllium formosum Wagner, 1857 from the Tithonian of Germany.
Palaeoscyllium striatum sp. nov.
Plate 3, figures 3-9
Derivation of name. After the evenly striated ornament on the teeth. Description. Teeth of this taxon are larger than those of most of the co-occurring scyliorhinids, being up to 3 mm high. They are
Figs 1-9. Scyliorhinus elongatus (Davis, 1887). all higher than wide, and have an elongate main cusp and a single pair of short, sharply pointed lateral cusplets. The main cusp is straight in some teeth, but in the largest (presumed to be anterolateral) is quite strongly curved towards the commissure. Lateral cusplets are short and straight in all teeth. The labial face of the crown has an ornament of relatively strong longitudinal ridges. These follow the cusps and reach close to the apex of the main cusp and the apex of well-preserved lateral cusplets. There is no bifurcation of the ridges, although occasional short ridges are present between the more continuous ones. The ridges all fade out a short distance above the base of the crown. There is a well-developed cutting edge along all of the cusps. The lingual face of the cusps is more convex than the labial, and is ornamented with very fine longitudinal ridges that almost reach both the cusp apex and base of the crown. The basal edge of the crown on the labial side is concave and does not obviously overhang the root, merging into the top of the root on the lateral parts of the tooth. The root is low and very strongly V-shaped in basal view, with a swollen lingual apex. The basal face of the root is flat. There is a small foramen at the centre of the lingual root apex, and a foramen at the junction of the root lobes, which commonly forms a short deep but narrow groove on the basal face. The root lobes are weakly flared. The labiolateral and lingual faces of the root have many small foramina, and small foramina are irregularly distributed across the root basal face.
Remarks. The small number of specimens of teeth of this species make the heterodonty pattern difficult to assess, but it is probable (by comparison with extant scyliorhinids) that the large, curved teeth were in anterolateral positions, with straighter teeth in lateral and extreme anterior jaw positions. Although the curved teeth seen in this species have not been documented in other species of Palaeoscyllium, this is considered here to be unimportant for generic level assignment. This would represent the latest occurrence of Palaeoscyllium, and one of the few Cretaceous occurrences (e.g. 1989 Scyliorhinus ?riegrafi Müller, pl. 14, figs 2-10.
Material. P. 66386-P. 66388 from a total of nine teeth: 1, Winterbourne lower horizon; 2, Winterbourne upper horizon; 3, Taplow upper horizon; 2, Downend; 1, Minnis North. Description. The few available teeth show low degrees of heterodonty. All are higher than wide, and the largest tooth is under 2 mm high. A straight, erect main cusp comprises about half of the height and a third of the width of each tooth. This is flanked by either two pairs of lateral cusplets, or two cusplets on one side of the tooth and one on the other. All cusplets are well developed and somewhat divergent. All cusps are rounded in cross section, although a well-developed cutting edge is continuous across all of the cusps. The labial face of the crown is ornamented by strong, sharp-edged, longitudinal ridges. There are 2-5 somewhat irregular ridges per cusp, and these reach close to the apex. Basally the ridges become swollen and there is some degree of bifurcation. Lingual ornament is of sparse but strong longitudinal ridges. The crown tapers somewhat basally, so that the lateralmost cusplets overhang the crown base. The crown overhangs a low, compact root. The root is U-shaped in basal view, and the root lobes are short and not flared. There is no nutritive groove on the flat basal face of the root, with well-developed foramina being present on the labial and lingual faces of the root.
Remarks. Although very few teeth of this species were recorded, they are very distinctive and clearly separated from all other scyliorhinids by the presence of a constriction at the base of the crown and divergent lateral cusplets. These specimens agree very closely with the type material from the Campanian of Germany.
The general form and ornament of teeth of this taxon are very similar to those of Scyliorhinus brumarivulensis sp. nov. and could easily be mistaken for symphyseal teeth of this species. Despite this, the greater maximum size, form of the root and very different distribution enable teeth of this species to be differentiated from it.
Genus CRETASCYLIORHINUS Underwood and Mitchell, 1999 Type species. Scyliorhinus destombesi Cappetta, 1977, from the Albian of France.
?Cretascyliorhinus sp.
Plate 4, figures 1-2
Material. BELUM K29671, a single damaged tooth from Minnis North.
Description. The single tooth is incomplete, lacking one root lobe and one lateral cusplet. The tooth appears almost symmetrical. The main cusp is robust and conical, being slightly curved lingually. The preserved lateral cusplet is short and conical, and projects slightly laterally. The cusps are nearly round in cross section and have a very weak but continuous cutting edge. The labial faces of the cusps are almost unornamented, with just some very weak longitudinal ridges on the sides of the main cusp. The lingual face of the main cusp is ornamented with faint, rather irregular, longitudinal ridges. The crown does not overhang the root on either the labial face or the lateral extremities. The root is relatively low and would have been strongly Vshaped in basal view. The basal face of the root is flat and there is no nutritive groove, although the main lingual and labial foramina are elongate and form a partial groove. The labial extremities of the root are very strongly flared, giving a very rounded profile in basal view; the lateral faces are strongly concave below the position of the lateral cusplet; the lingual apex is faintly swollen. There are well-developed foramina on the lateral and basal faces of the root.
Remarks. This single tooth does not closely resemble that of any of the other species recorded here. Although differing from the majority of teeth of Cretascyliorhinus destombesi in being considerably more gracile and lacking the strong ornament, this tooth strongly resembles the extreme anterior teeth of C. destombesi and for that reason has been tentatively referred to Cretascyliorhinus. Material. P. 66389-P. 66391 from Downend (1 tooth) and Winterbourne, upper level (2 teeth), and several isolated crowns.
Description. The teeth referred to this taxon are all at least twice as high as wide and are very gracile in overall design. One tooth, presumed to be from an anterior position, differs from the rest in lacking a strong ornament and having a low degree of asymmetry. These differences are here considered to be within the range of monognathic heterodonty of scyliorhinids, and it is referred to the same taxon as the other, more strongly ornamented, teeth. The presumed anterior tooth has a broken cusp but is otherwise well preserved. The single cusp is robust and straight, being slightly compressed in cross section. The cusp makes up most of the width of the crown, with the lateral parts of the crown being small and strongly labially directed. There is some trace of a poorly developed cutting edge at the base of the crown. The ornament is restricted to a small number of short, irregular folds on the labial surface of the lateral parts of the base of the crown. The crown overhangs the root labially and lingually, and is slightly narrower than the root. The crowns of the other teeth are elongate and at least twice as high as wide, and are inclined or curved towards the posterior. One tooth lacks lateral cusplets, whereas others have a small, sharply pointed distal cusplet but no anterior cusplet. A well-developed cutting edge is present on all teeth. The slightly convex labial face of the teeth is ornamented by up to eight strong, almost straight longitudinal ridges. These ridges do not reach either the apex of the cusps or the base of the crown, and do not bifurcate. The strongly convex lingual face of the cusps has scattered, fine longitudinal ridges. The labial face of the crown does not over-hang the root laterally, where it merges with the top of the root lobes, but does to some degree near the centre. The roots of all teeth are low and very strongly V-shaped in basal view, with the root lobes being of unequal length. The basal face of the root is flat, and there is a sharp angle between this and the lateral root faces. In one tooth the lingual part of the root is rather elongate and has a shallow longitudinal groove. There is little flaring of the root and its lingual extremity is not swollen. There is a welldeveloped foramen at the lingual end of the root, and another within a narrow but deep slot on the basal face at the junction of the root lobes. There are smaller foramina on both the basal and lateral faces of the root.
Remarks. The single incomplete tooth of this species has a strong superficial resemblance to teeth of the orectolobiform Pararhincodon, but the morphologies of the crown and root demonstrate that this is a scyliorhinid. There are very close morphological similarities between this tooth and anterior teeth of 'Scyliorhinus' entomodon Noubhani and Cappetta, 1997, from the Palaeocene of Morocco, although there are significant differences, including the strong crown overhang of the root and the partly closed nutritive groove in 'S.' entomodon; it is considered here that the overall similarities are likely to be superficial. Teeth of this taxon are also similar to some of the anterior teeth of Leptocharias smithi Müller and Henle, 1839 (M. Harris, pers. comm. 2006), but the lack of crown overhang and an ornament not reaching the base of the crown are very different to the situation in co-occurring Leptocharias teeth; it is very unlikely that these belong to the same dentition. The affinities of this species are, therefore, uncertain, but it is unlikely that it should be placed in any previously described genus. More material is required before the nature of the dentition of this species can be understood, and the genus properly described.
Scyliorhinidae incertae sedis 2 Plate 4, figures 11-13
Material. P. 66392, one other poorly preserved tooth and several tooth crowns from Stoke Clump.
Description. All teeth seen were under 2 mm high and higher than wide. The crown of all was damaged to some degree, but their overall shape is similar. The straight and elongate main cusp takes up at least half of the width of the crown, and is round in cross section. There is a single pair of short but robust lateral cusplets. There appears to be a weak but continuous cutting edge. The labial face of the crown is smooth or with ornament restricted to short, weak longitudinal ridges near the basal edge. Longer, but still weak, longitudinal ridges are present on the lingual face. The crown is similar in width to, or slightly wider than, the root, and overhangs it very strongly on all sides. The root is high and has short lobes that only extend a short distance labially below the lateral cusplets. The basal face of the root is flat and not flared; the lingual faces are straight and make a sharp angle with the basal face, with no swollen lingual extremity. A large lingual foramen is present within a vertical fold below the main cusp. A row of small foramina is present about two-thirds of the way up the linguolateral faces of the root.
Remarks. Although none of the specimens of this species has well-preserved crown surfaces, the general form of the crown and the form of the root are clear. The general form of the crown and overall lack of ornament are very similar to the Albian-Cenomanian 'Scyliorhinus' dubius (Woodward 1889), although this differs in having a far lower root with a flared basal face and more elongate lateral cusplets (see Cappetta 1977). Better preserved material is required before this species can be described satisfactorily.
Carcharhiniformes incertae sedis
Plate 4, figures 14-17
Material. P. 66394, a single tooth from the lower level at Winterbourne.
Description. The tooth is nearly 3 mm high and has a very characteristic appearance. There is a single cusp, which comprises about half of the total height of the tooth. This is slender and straight, and has a poorly developed cutting edge. Basally, two lateral blades extend from the lateral parts of the cusp, and project labially quite strongly. The proximal parts of the lateral blades bear a cutting edge, although this is absent distally. The crown is largely unornamented, with a row of short, widely spaced ridges near the base on the labial face. The crown overhangs the root labially and laterally. The root is high, irregular, and somewhat asymmetrical. The basal face of the root is roughly U-shaped and has a wide, well-developed nutritive groove with a pair of foramina in the central part; numerous additional very small foramina are scattered across the basal face. Lateral, lingual and, to some extent, labial faces of the root have numerous, irregularly spaced vertical grooves. These grooves contain foramina and extend from the sharply angled contact with the basal face to at least half-way up the root faces.
Remarks. P. 66394 has a unique morphology, differing from all other teeth seen in these samples. Although the form of the tooth superficially resembles that of Squatina and some orectolobiforms, the lack of uvulae, the vascularisation of the root, and the form of the crown suggest scyliorhinid affinities. There are no figured teeth of fossil or extant scyliorhinids showing a close resemblance to this specimen, so it is considered here that this represents an as yet undescribed genus. More specimens would be needed for a diagnosis of this taxon. Diagnosis. Teeth very gracile and higher than wide. Main cusp comprises at least half of height of tooth. Main cusp flanked by single pair of short cusplets. Main cusp and cusplets all at least three times as long as wide. Strong ornament of sharp, longitudinal ridges on lower half of labial crown face, their upper edge being at about the level of a constriction at the base of the main cusp. No ornament on lingual cusp face. Bilobed root low with well-developed nutritive groove. Basal face of root concave to convex without well-defined edge at contact with lateral root faces.
Description. Teeth of this species are up to 4 mm high and have an overall very gracile appearance. The majority of teeth are close to being symmetrical, with a straight main cusp flanked by a single pair of lateral cusplets. In all but supposed posterior teeth the main cusp is considerably more than twice as high as wide and round in cross section. In many teeth the middle third of the cusp is parallel-sided, flaring basally close to its contact with the root. A single pair of small, extremely slender lateral cusplets is present in all teeth, arising from the lateral extremities of the crown. These are parallel to the main cusp or very slightly divergent. The labial face of the crown is ornamented with a series of robust, sharp edged longitudinal ridges. These reach less than a third of the length of the main cusp, but can reach almost to the apices of the lateral cusplets. The ridges are straight to slightly curved and only rarely bifurcate. They thicken towards the base, and are swollen close to the base of the crown in presumed posterolateral teeth. There is a very well-developed cutting edge on the lateral cusplets and on the basal part of the main cusp, but this is weak or absent on much of the main cusp. The lingual face of each cusp is unornamented. The root is slightly wider than the crown, and distinctly U-shaped. It is clearly divided into two lobes by a deep, prominent nutritive groove. The root lobes taper somewhat towards a rounded tip, and only extend a short distance beyond the base of the lateral cusplets. The basal face of the root is flat to slightly concave, and there is no sharp edge between the basal and other faces of the root. A single large foramen is present in the central part of the nutritive groove, and small foramina are irregularly distributed across the root basal face. A row of small foramina is present on the labial face of the root just below the base of the crown.
Remarks. This species is similar to other named species of the genus, being closest to P. nolfi Müller and Diedrich, 1991 but more gracile overall with finer lateral cusplets. It Description. Teeth of this species are up to 3 mm wide and show a high degree of heterodonty. Ornament on the labial faces of tooth crowns varies considerably, especially within low, presumed lateral teeth, where it may be either strongly ornamented with longitudinal ridges or have ornament restricted to weakly developed folds near the base. The lack of intermediate forms suggests that this is owing to dignathic heterodonty. This difference is less pronounced in higher, presumed anterior, teeth. Comparison with the dentitions of extant triakids suggests that teeth with a strong ornament are probably from the upper jaw, with weakly ornamented teeth probably from the lower jaw. The crown of anterior teeth is higher than wide, with over half of the width being taken up by a central cusp that is straight but somewhat inclined posteriorly. There are typically two pairs of small lateral cusplets, although a third pair of incipient cusplets may also be present, with the anterior cusplets being slightly smaller than the posterior. All cusps are rather compressed and share a continuous cutting edge. The basal edge of the crown very strongly overhangs the root labially and has a slight central indentation. Ornament is restricted to the labial face of the crown. In probable lower teeth this comprises a strong crenulation of the basal edge of the crown, with the basal projections continuing as short but strong longitudinal ridges, reaching less than half of the height of the base of the main cusp. In probable upper teeth, the basal crenulations are finer, typically with more than 20 folds. These continue upwards into strong, sharp-edged, folds that are slightly sinuous and reach at least as far as the base of the cusps; in many teeth some folds continue onto the labial face of the cusps. These folds only rarely bifurcate. The crowns of lateral teeth are similar overall to those of the anterior, but are wider than high and have a cusp that is strongly posteriorly inclined, almost reaching the level of the posterior end of the tooth. The leading edge may be straight, slightly convex (mostly on presumed upper teeth) or slightly concave (mostly on presumed lower teeth). Two pairs of lateral cusplets are usually present, with the posterior pair being larger than the anterior. Cusplets are less well developed on presumed lower teeth, where anterior cusplets may be present as poorly differentiated swellings on the leading edge of the crown. Presumed lower teeth have a weak ornament of a variably crenulated crown basal edge with little or no development of longitudinal ridges. By contrast, presumed upper teeth have a strong ornament similar to that in anterior teeth, but more commonly having ridges continuing onto the labial face of the cusps, sometimes reaching the apex. Crowns of posterior teeth have an ornament similar to that of laterals, but are low and have a poorly developed main cusp with no lateral cusplets. The low but bulky root of all teeth is similar, and is similar to the crown in size. This is distinctly bi-lobed and quite symmetrical, with
Figs 1-12. Pteroscyllium hermani sp. nov. 1-3, P. 66395, holotype, Upper Santonian, Winterbourne, lower phosphate level, anterior tooth, in 1, labial, 2, oblique lateral, and 3, lingual views; · 25. 4-6, P. 66396, Middle Santonian, Boxford, lateral tooth in 4, labial, 5, lingual, and 6, oblique lateral views; · 25. anterior and posterior root lobes being separated by a very well developed nutritive groove. The root is somewhat flared laterally and labially, with the flat basal faces of the root lobes having convex labial and concave lingual margins. A large central foramen is present within the central groove, with a row of smaller foramina present on the lingual faces of the root. In addition to these larger foramina, very abundant small pores are spread over much of the root.
Remarks. The teeth described here are very similar to those recorded by Herman (1977) from the Campanian. Despite this, the dignathic heterodonty of this species has not been recorded previously, presumably because of the small number of specimens available when this taxon was first described. Dignathic heterodonty within species of Palaeogaleus was recognised by Noubhani and Cappetta (1997) , although all of the Maastrichtian and Palaeogene species they described show a lower degree of heterodonty than recorded here. This is the first pre-Campanian record of the genus. in press Paratriakis sp. Underwood and Ward, fig. 1P .
Derivation of name.
From the incipient serration on the distal cusp.
Holotype. BMNH P. 66407.
Material. P. 66408-P. 66411 from a total of 271 teeth: 95, Boxford; 30, Winterbourne lower horizon; 17, Winterbourne upper horizon; 2, Taplow upper horizon; 17, Stoke Clump; 110, Downend.
Diagnosis. Teeth up to 3 mm wide showing relatively low degrees of heterodonty. Tooth wider than high and strongly asymmetrical. Crown unornamented with flat to concave labial face, the basal margin being swollen in presumed lateral teeth. Main cusp reaches as far back as posterior end in most teeth; there are no anterior cusplets and one or rarely two very poorly developed posterior cusplets. Root low and lacking nutritive groove, but with notch at position of labial foramen.
Description. These teeth demonstrate a relatively low degree of monognathic heterodonty, and no dignathic heterodonty was recognised. All are wider than high, with presumed lateral teeth being at least twice as wide as high. The crown is generally unornamented and very strongly overhangs the root labially; the majority (all but the largest) of the presumed lateral teeth have a swollen labial edge to the crown that forms a narrow horizontal ledge. In rare cases this ledge has a fine but sharp enameloid ridge. The labial face of the crown is flat in presumed anterior teeth, becoming concave where the basal ridge is present. A single well-developed cusp is highly compressed and strongly posteriorly inclined, with the anterior edge forming an angle of between 20 degrees (in lateral teeth) and 35 degrees (in anterior teeth) with the basal edge of the crown. The leading edge of the crown and cusp is straight to slightly convex and has a continuous, sharp cutting edge. In most teeth, the cusp extends as far posteriorly as the posterior edge of the tooth, where it overhangs a relatively poorly developed distal heel. In virtually all teeth, the distal heel is interrupted by one, or rarely two, notches indicating the presence of one or more incipient to very poorly developed distal cusplets. The root and crown are similar in size. The lingual face of the root is slightly convex and quite strongly excavated along its basal edge. The root is very low and only slightly flared basally. The basal face of the root is flat, and gently curved (concave labially) within all but the most anterior teeth, tapering at both ends, slightly recurving at the anterior edge in some teeth. This curvature is far stronger in anterior teeth, with both ends being noticeably recurved. There is no nutritive groove, but the main labial and lingual foramina are very well developed, the labial foramen being at the contact of the basal and labial faces of the root, giving a distinct
Figs 1-9. Paratriakis subserratus sp. nov. 1-3, P. 66407, holotype, Middle Santonian, Boxford, lateral tooth in 1, labial, 2, lingual, and 3, occlusal views. 4-5, P. 66408, Lower Campanian, Winterbourne, upper phosphate level, anterior tooth in 4, lingual, and 5, labial views. 6-7, P. 66415, Upper Santonian, Winterbourne, lower phosphate level, lateral tooth in 6, labial, and 7, lingual views. 8, P. 66410, Lower Campanian, Downend, posterior tooth, labial view. 9, P. 66411, Winterbourne, lower phosphate level, parasymphaseal tooth, labial view. All · 25. Figs 10-16. Paratriakis tenuis sp. nov. [10] [11] P. 66412, Lower Campanian, Stoke Clump, in 10, labial, and 11, P. 66413, holotype, Middle Santonian, Boxford, in 12, labial, and 13, lingual views. 14, P. 66414, Lower Campanian, Stoke Clump, P. 66409, Upper Santonian, Winterbourne, lower phosphate level, in 15, labial, and 16, P. 66417, Lower Campanian, Downend, labial view. 18, P. 66416, Lower Campanian, Downend, labial view . Both · 33. Remarks. This species is readily distinguished from other species of Paratriakis. It differs from the rather similar P. decheni (von der Marck, 1863, as Palaeoscyllium, a name that was preoccupied; see Müller 1989) in having an incipient distal cusplet, a generally convex anterior cutting edge and a main cusp that never extends beyond the posterior end of the root. It also differs from P. curtirostris (Davis, 1887) in having an incipient cusplet in the distal heel and a ridge parallel to the base of the labial crown face. It lacks the elongate erect cusp of P. bettrechiensis Herman, 1977. Although a lack of cusplets was regarded by Cappetta (1987) as characteristic of the genus, the presence of cusplets here is not considered to be of generic importance as all other features of the teeth are typical of the genus. Diagnosis. Tooth under 3 mm wide, gracile and highly compressed. Cusp very elongate and strongly inclined to posterior; free part of cusp at least as long as width of crown. Small distal heel present but no cusplets. Labial edge of crown swollen laterally but concave in centre.
Description. These teeth are small and extremely gracile. The crown is dominated by a single, elongate cusp that is at least three times as high as wide. This is slender and highly compressed, and is inclined to the posterior, typically forming an angle of 30-40 degrees to the crown base. The leading edge of the crown and cusp are straight to faintly sigmoidal. The cusp (as measured along the posterior edge) is at least as long as the basal part of the crown is wide, and is unornamented. There are no cusplets, but a poorly developed, semicircular, distal heel is present. A continuous cutting edge is present along the occlusal edge of the tooth. The labial face of the crown is rather swollen towards the ends of the tooth, but is concave in the central part. The swollen labial basal edges of the crown commonly have a longitudinal ledge, and commonly have short, irregular ridges, either restricted to the basal edge or extending a short distance onto the labial crown face. The labial edge of the crown strongly overhangs the root, but the lingual edge is somewhat indented.
The root is small and very low, and is similar in size and shape to the base of the crown. The basal face of the root is flat and slightly flared labially. There is no nutritive groove, but labial and lingual foramina are well developed. Small foramina are present on the short labial face of the root as well as on the basal face.
Remarks. These teeth are similar to those of P. bettrechiensis Herman 1977, but differ in having a more elongate cusp and smaller basal parts of crown and smaller root. Description. None of the teeth of this species has a preserved root or complete crown. The cusp is strongly distally inclined and typically about twice as long as wide. The cusp is moderately compressed and has a well-developed cutting edge. The anterior edge of the cusp has a distinct sigmoidal curvature in all but the more erect (presumed anterior) teeth. There is a distal heel, but this is never complete. There is no evidence of ornament on the teeth.
Remarks. These teeth differ from those of Paratriakis tenuis sp. nov. and P. bettrechiensis in having a shorter and more robust crown with a stronger sigmoidal curvature. The cusp is more elongate, erect and curved than in P. subserratus sp. nov. It is likely that these teeth are conspecific with poorly preserved material described from the European Campanian (Müller 1989) and Maastrichtian (Herman 1982; Cappetta and Odin 2001) , but the poor preservation of all material prevents further comparisons. Diagnosis. Teeth highly asymmetrical showing moderate monognathic and probable dignathic heterodonty. Straight and robust main cusp inclined to posterior, single pair of lateral cusplets small but robust and parallel to main cusp. Incipient second pair of cusplets may be present. Labial ornament of variably strong, regular, longitudinal ridges reaching apex of cusplets but not main cusp. Ridges reach base of crown and bifurcate towards base. Fine and more irregular ridges on lingual face. Root very bulky, high and far wider than crown. Root lobes with strongly angular profile, with 'corners' projecting labially and linguolaterally. Root lobes are of similar size but asymmetrical. Nutritive groove seen on one tooth, but usually absent.
Description. These highly characteristic teeth are up to 2.5 mm high, and have a variation in the ornament of teeth of otherwise similar appearance that suggests that either sexual or dignathic heterodonty was present. The crown comprises a straight and rather conical main cusp, higher than wide, with a single pair of small but robust lateral cusplets. On some teeth a second pair of incipient cusplets is also present. The main cusp and cusplets are inclined posteriorly and are parallel. Anterior and posterior lateral cusplets are of similar size. The basal edge of the crown on the labial side is concave and smoothly arched. The labial face of the crown is ornamented by straight to gently curved longitudinal ridges. These ridges reach at least half-way up the main cusp, and reach the apex of lateral cusplets. In some teeth these ridges are very robust and swollen close to their base at the base of the crown; in others they are fine and reach the base of the crown without obvious swelling. There is some degree of bifurcation of the ridges towards the base, but this never forms a reticulate ornament. The lingual face of the cusps is ornamented with fine, somewhat irregular longitudinal ridges that reach about halfway up the main cusp. The crown weakly overhangs the root labially and laterally, but the junction between the crown and root is clearly visible in labial view. The root is large and bulky and the most characteristic feature of these teeth. It is considerably wider than the crown and relatively high. The anterior and posterior sides of the root are of similar size, but there is considerable asymmetry of the shapes of the root lobes other than within the single specimen of a symmetrical, presumed parasymphaseal tooth. The profile of the root is very angular, with 'corners' of the root projecting lingually and labiolaterally. On the anterior side of the tooth, the labial projection of the root is less well defined, and the root lobe is rather square in profile, with the root lobe having a straight lingual edge. On the posterior root lobe, the angularity is more pronounced, and the root lobe is hammerhead-shaped, with a concave lingual edge. The basal face of the root of all teeth is flat, and makes a sharp edge with other faces. There are many small foramina irregularly spaced over the root basal face. The largest tooth recovered has a deep, wide nutritive groove with a central foramen, but all other teeth have large lingual and labial foramina and no nutritive groove. Other foramina are large and obvious, with a row near the centre of the labial face of the root, and 1-4 large foramina on each side of the lingual faces of the root.
Remarks. The teeth of this taxon are extremely similar to those of the extant Leptocharias smithii. The large, angular and highly asymmetrical root of L. cretaceus sp. nov. is present in L. smithii, but is unlike the root of any extant scyliorhinid (Herman et al. 1990 ), other extant carcharhiniform (e.g. Herman et al. 1991) or any fossil carcharhiniform of known affinity (i.e. preserved as an entire skeleton). This root morphology is, therefore, considered here to be a character unique to Leptocharias. In addition, the presence of a straight but strongly inclined main cusp present in both L. cretaceus and L. smithii is unknown in extant scyliorhinids. These characters, apparently unique to Leptocharias, are also seen in the Palaeogene 'Scyliorhinus' ptychtus Noubhani and Cappetta, 1997; we think that this species should, therefore, also be referred to Leptocharias (Underwood and Ward in press). Anterior teeth of L. smithii show strong sexual dimorphism (e.g. Herman et al. 1991) . The variation in ornamentation of teeth of L. cretaceus may also be a result of sexual dimorphism. in press ?Loxodon sp. Underwood and Ward, fig. 1R -T.
Material. P. 66422 and P. 66423, complete and partial teeth, respectively, from the Santonian of Winterbourne.
Description. The teeth are wider than high and highly compressed. There is a single cusp that is strongly inclined posteriorly. The cusp has straight anterior and posterior edges. There is a very weakly developed distal heel, which takes the form of a straight blade that is parallel to the base of the crown and extends approximately as far posteriorly as the cusp. The base of the cusp is straight on both labial and lingual faces, and does not overhang the root on either side. The crown-root junction is excavated on both labial and lingual faces, and there is faint crenulation of the enameloid just above the junction. There is otherwise no ornamentation on the teeth. The region of the root-crown junction is noticeably concave below the base of the cusp on the labial side, and near the anterior and posterior ends of the tooth on the lingual side. The root is relatively small and compressed, being no deeper than the crown. The root labial face is continuous with the anterior and posterior parts of the crown, but is indented below the centre of the cusp at the labial end of the nutritive groove. There is an acute angle between the labial and basal faces of the root, and the lingual root face is very reduced. The root is cut by a deep but narrow nutritive groove containing a well-developed foramen. A row of small foramina is present half-way up the root labial face, with a row of smaller foramina being present just below the crown-root junction on the lingual side. Small, irregularly distributed, foramina are present across the basal face of the root.
Remarks. These teeth appear superficially similar to those of Paratriakis, but may be readily separated by the presence of a large nutritive groove. They can be referred to a member of the Carcharhinidae and not the Triakidae by the morphology of the root, and in particular the lack of a labial overhang of the crown, a feature that appears to be present in all triakids. These teeth are similar to those of a number of Cenozoic and recent carcharhiniform genera. Although the small quantity of material renders generic assignment uncertain, the lack of incipient serrations and posterior cusplets makes it unlikely that these teeth belong to Rhizoprionodon, whereas the lack of torsion of the cusp makes assignment to Scoliodon unlikely. This record represents the earliest occurrence of the Carcharhinidae, and the first evidence of the family in the Mesozoic (Underwood and Ward in press).
Family ? PROSCYLLIIDAE Fowler, 1941 Genus PROTOSCYLIORHINUS Herman, 1977 Type species. Protoscyliorhinus bettrechiensis Herman, 1977.
Protoscyliorhinus sp.
Plate 7, figures 17-19
Material. BELUM K28672, a partial tooth from the Coniacian of Minnis North.
Description. The single partial tooth is about 2 mm wide, but is missing the posterior part. The crown comprises a low, triangular main cusp with one small lateral cusplet and a further two incipient cusplets. The tip of the main cusp has been removed by wear, but otherwise there is a continuous cutting edge along the occlusal edge. The labial face of the crown is ornamented with short, irregular longitudinal ridges. These bifurcate towards the base and partly merge to form small, triangular raised portions. The lingual face of the cusps has short, fine longitudinal ridges. The crown overhangs the root along its labial and lateral edges, with the basal edge of the crown forming a smooth curve on the labial face. The root is low and of a similar thickness along its preserved width. There is a wide but shallow nutritive groove with a central foramen, although it is unclear whether this has been modified by corrosion. The root is only slightly flattened, and there is no well-defined edge between the basal and other root faces. There is a row of very small foramina on the labial root face, and scattered small foramina on the basal part of the root.
Discussion. The tentative assignment of Protoscyliorhinus to the Proscylliidae follows that of Underwood (2006) and Underwood and Ward (in press) as the teeth possess a deep labial face to the crown joining the main and lateral cusps and a root of uniform thickness without a flared basal face, a combination of characters seen in extant Proscyllium but not any extant scyliorhinids (see Herman et al. 1990 Herman et al. , 1991 . This tooth represents the youngest recorded occurrence of Protoscyliorhinus.
EVOLUTIONARY IMPLICATIONS
The specimens recorded in this study represent the first indications of a number of extant Carcharhiniforme families in the Cretaceous (Underwood and Ward in press).
E X P L A N A T I O N O F P L A T E 7
Figs 1-12. Leptocharias cretaceus sp. nov. 1-4, P. 66418, holotype, Upper Santonian, Winterbourne, lower phosphate level, in 1, labial, 2, lingual, 3, occlusal, and 4, P. 66419, Lower Campanian, Winterbourne, upper phosphate level, in 5, labial, 6, occlusal, 7, oblique lateral, and 8, P. 66420, Upper Santonian, Winterbourne, lower phosphate level, in 9, labial, and 10, P. 66421, Lower Campanian, Winterbourne, upper phosphate level, parasymphaseal tooth, in 11, oblique lateral, and 12, [11] [12] · 25; [9] [10] Previous studies have suggested that fossils from the Jurassic may be assignable to the Proscylliidae (e.g. Underwood and Ward 2004), a family predicted to be close to the base of the carcharhiniforme clade (see Underwood 2006 and references therein). The Leptochariidae are also likely to be a basal family within the order (Underwood and Ward in press), and their presence in the Cretaceous is not unexpected. The Carcharhinidae (including the Sphyrnidae if they are to be considered monophyletic) are the most morphologically diverse of the extant carcharhiniform families, with a number of genera being known from the Palaeocene, even though much of the diversification had occurred within the Neogene (e.g. Cappetta 1987). The occurrence of Cretaceous Carcharhinidae therefore extends the earliest record of the group to a point before the first recorded radiation within the family.
PALAEOECOLOGY
The diverse carcharhiniforms recorded in all of the samples studied form part of diverse shark and ray faunas, with the majority of specimens in all of the Chalk samples belonging to taxa with small teeth. The only samples with the majority of larger teeth are those from the greensands of Minnis North, where low numbers of small teeth may be a result of biostratinomic sorting and physical and biological destruction. These small teeth (with the possible exception of those of some of the batoids) would have belonged to small taxa, by comparison with modern relatives, the majority less than 50 cm in length. Most of these small taxa (Scyliorhinidae and most Orectolobiformes) have pointed, clutching (Cappetta 1986) teeth, and would have been slow swimmers with an elongate body form. These are likely to have been nectobenthic generalist feeders, consuming diverse small organisms. Other taxa, particularly of the Triakidae, had a more cutting dentition and were probably more active hunters of small fish, cephalopods and crustaceans. Other probable ecological types are present among associated selachians. Medium to large predatory lamniformes are present in all samples, although it is only in the Downend and Minnis North samples that they are common, with taxa possessing both cutting and piercing dentitions being present in all samples. Selachians with a durophagous dentition are rare in all of the Chalk samples, and restricted to a small number of batoids and rare Heterodontus. The exception to this is the sample from Minnis North, where Heterodontus and batoids are common, and teeth of Ptychodus were recorded. Teeth of small ambush predators, such as Squatina, are present but uncommon in all samples. This dominance of selachian faunas by diverse, small, nectobenthic taxa appears to be common within the European Cretaceous. Previous studies of selachian faunas from European chalk facies have yielded high diversities of small taxa from horizons in the Albian (Underwood and Mitchell 1999), Cenomanian (e.g. Müller and Diedrich 1991), Campanian (e.g. Müller 1989) and Maastrichtian (e.g. Siverson 1993) , although all of these studies are from within the North Sea Basin or associated Boreal regions, as opposed to the more Tethyan-influenced Anglo-Paris Basin of the Chalk samples described here. Although there are many similarities with regard to the overall ecological composition of all of these European assemblages, squalids are a major part of all of the more boreal assemblages; it is likely that the absence of squalids in the samples described here is owing to their more boreal distribution. Other, less systematic, studies of selachians from the Anglo-Paris Basin (e.g. Herman 1977) yielded very similar faunas to those described here, and lack squalids. Very high diversity selachian faunas dominated by small nectobenthic taxa therefore appear to be characteristic of the European Upper Cretaceous.
Selachian faunas from the Western Interior Seaway of North America are well known from near-shore facies (e.g. Case 1978), but there have been few systematic studies of selachians from neritic facies (see Welton and Farish 1993; Case and Cappetta 1997) . Although studies typically show high diversities of Lamniformes and batoids, most samples contain very few taxa of small nectobenthic sharks (except in Case and Cappetta 1997); in some samples even batoids are extremely rare and the faunas are almost entirely composed of larger mid-water predators (e.g. Cumbaa et al. 2006) .
Other Late Cretaceous selachian faunas are less well known than those of northern Europe and North America. Diverse Maastrichtian sharks are well known from North African phosphorites, and very diverse assemblages have been described from Morocco (e.g. Noubhani and Cappetta 1997). These contain a number of Carcharhiniforme taxa along with many Lamniformes and other selachian groups. Although the species composition of these assemblages is well recorded, the proportions of different species and ecogroups have not been documented.
